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the kinematics and zero point of the log p 
<Mk> relation for galactic field rr lyrae 
variables via statistical parallax 
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Abstract. The kinematical parameters of the local field RR Lyrae pop- 
ulation and the zero point of the log P-< Mk > relation for these 
variables are inferred by applying the statistical parallax (maximum- 
likelihood) technique to a sample of 182 RR Lyraes with known pe- 
riods, radial- velocities, metallicities, K-band photometry, and abso- 
lute proper motions on the ICRS system. Hipparcos, Tycho-2, SPM, 
UCAC, NPMl, and the Four- Million Star Catalog (Volchkov et al. 
I1992II were used as the sources of proper motions; the proper motions 
of the last two catalogs are reduced to the Hipparcos (ICRS) system 
(Dambis & Rastorguev l2UUlll . The K-band magnitudes were adopted 
from the list of Fernley et al. 1199811 and supplemented by the data of 
the 2MASS Second Incremental Data Release. The parameters of the 
velocity distribution are found to be {Uo = -10 ± 10, Vo = -51 ± 8, Wo 
= -14 ± 5) km/s, {au = 62 ± 10, av = 45 ± 8, aw = 28 ± 6) km/s 
and {Uo = -23 ± 13, Vo = -213 ± 12, T^o = -5 ± 8) km/s {au = 157 ± 
12, av = 98 ± 8, aw = 91 ± 7) km/s for the thick-disk (41 stars) and 
halo (141 stars) objects, respectively. The zero point of the infrared PL 
relation of Jones et al. I1992II (based on the results obtained using the 
Baade-Wesselink method) is confirmed: we find < Mk > = -2.33 • log 
Pf-0.82 ±0.12 compared to < Mk > = -2.33 • log Pf-0.88 as inferred 
by Jones et al. (1992). A conversion of the resulting log P-< Mk > 
relation to l/-band luminosities yields the metallicity-luminosity rela- 
tion < Mv > = 4-1.04 + 0.14 • [Fe/H] ± 0.11. Our resuhs imply a solar 
Galactocentric distance of Tio = 7.6 ± 0.4 kpc and an LMC distance 
modulus of DMlmc = 18.18 ± 0.12 (cluster RR Lyraes) or DMlmc 
= 18.11 ± 0.12 (field RR Lyraes), thereby favoring the so-called short 
distance scale. 
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1 Introduction 

RR Lyrae variables are among the tools of greatest value for determining the 
distances to old stellar systems both in our Galaxy and beyond. These stars are 
so important as one of the distance indicators in the Universe, because they have 
very similar luminosities (the dispersion of V^-band absolute magnitudes of RR 
Lyraes of the same metal abundance does not exceed 0.15™ (Sandageil^^), are 
easily identifiable (because of substantial variability), and reliably classifiable (by 
low metallicity, period, and the shape of the light curve). 

Since the pioneering work of Pavlovskaya H1953|l . who was the first to apply 
the statistical-parallax technique to estimate the mean absolute magnitude of RR 
Lyrae stars, this method was, in increasingly sophisticated form, used by many 
authors (Rigal lTUSgl van Herk lTOCT Hemenwav lWTSI Clube & DaweTMl Hawley 
et al. iroS^ Strugnell et al. [TUE^ Layden et al. 'TOMl Popowski & Gould [TUMal 
I1998bl Fernley et al. HMSl Tsujimoto et al. 1998 Dambis & RastorguevEOOIll 
on ever increasing star samples. 

However, all the above authors used statistical parallax technique to determine 
the mean y-band absolute magnitude or to set the zero point of the [Fe/H]-< 
My > relation. Here we for the first time use this method in its rigorous form (as 
described by Murray H1983|l and Hawley et al. H1986|l ) to calibrate the infrared 
period-luminosity relation (log Pp - < Mk >) for RR Lyrae stars. 

2 Observational data 

I adopted the periods and pulsation modes from the General Catalog of Variable 
Stars (Kholopov et al. I1985-1957|l . The fundamental- mode periods Pp for first- 
overtone pulsators (RRc type variables) were computed as log Pp = log P + 0.127 
(see Frolov & Samus' 1998). Our source of radial velocities, [Fe/H], and interstellar 
extinction, Eb-v, was the work of Beers et al. (2000). We collected if-band 
magnitudes from two sources: the list of Fernley et al. (|1998|l and (for the 
remaining stars), the 2MASS Second Incremental Data Release. We adopted the 
absolute proper motions of RR Lyrae variables from the Hipparcos fESA [TM7| . 
Tycho-2 (Hog et al. ?MK^ . SPM (Platais et al. HM^ . UCAC (Zacharias et 
al. L2000), NPMl (Hanson et al. HM^ . and Four-Million Star Catalog (Volchkov 
et al. 1992 ). The proper motions of the latter two sources are reduced to the 
Hipparcos (ICRS) frame and adopted from Dambis & Rastorguev (|2001(l . 

3 Disk/Halo Separation 

Layden H1995|l and Layden et al. H1996 ') showed that the kinematic population of 
RR Lyraes in our Galaxy breaks conspicuously into two subclasses: halo and thick- 
disk stars. At first approximation, the two subpopulations can be separated by 
the metallicity value [Fe/H] = -1.0: most of the more metal-deficient stars behave 
as halo objects and most of more metal-rich stars, as thick-disk objects. Here we 
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subdivided the entire sample into halo and thick-disk subsamples as described by 
Layden et al. H1995|l and Dambis & Rastorguev H2UUlfl . 

4 Initial distances 

Here we determined the initial distances to the RR Lyrae stars of our sample based 
on the infrared PL relation by Jones et al. (|1992|l based on the application of 
Baade-Wesselink method to field RR Lyrae stars: 

< MK(jones) >= -2.33 • logPp " 0.82. (4.1) 

We use the statistical-parallax technique to determine a correction AM to the 
zero point of this relation so that 

< MK(true) > = < MK(Jones) > +AAf. (4.2) 

5 Results 

5.1 Period-Luminosity and Period-l\/letallicity Relations 

The results are summarized in Table 1. Here Halo-l,2,3/Disk-l,2,3 indicate the 
names of the halo/disk subsamples according to the three partitions of the entire 
sample; N, the number of stars in the subsample; {Uo,Vo, Wq) and {ajj, fy, 
(Tyy) are the mean heliocentric velocity and velocity dispersion components of the 
corresponding subsample, and AM, the absolute-magnitude correction mentioned 
above. 

The inferred kinematical parameters of RR Lyrae subpopulations agree well 
with those determined by Dambis & Rastorguev (2001) proceeding from the [Fe/H] 
- < My > relation. The resulting absolute-magnitude correction AM = -1-0.06 ± 
0.12 (based on the most homogeneous Halo-3 sample) implies a final PL relation 
of: 

< Mk > ^ -2.33 • log Pf - 0.82 ± 0.12. 

This relation can be converted into a [Fe/H]-< My > relation. This is done 
by computing < My > for stars with known < Mk > (see above): 

< My >=< Mk > + <Vq > - < Ko>, (5.1) 

where 

<Vo> - < Ko>=<V > - < K > ~{Av - Ak) (5.2) 

and 

Av - Ak = (3.1 - 0.1 ■ 3.1) • Eb-v = 2.79 • Eb-v, (5.3) 

and fitting the resulting < My > to a relation < My > = a + b ■ [Fc/H]. We thus 
obtain: 

< My >= -f 1.04 4- 0.14 • [Fe/H] ± 0.10 (5.4) 
(based on 107 stars with both K-hanA and photoelectric F-band photometry). 
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Table 1. Kinematical parameters and _ft'-band absolute-magnitude correction of Galactic 
field RR Lyrae variables 
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5.2 The Distance to the Galactic Center 

Carney et al. H1995|l obtained a solar Galactocentric distance of Rq ~ 7.8 ± 
0.4 kpc based on IR photometry of 58 RR Lyraes in the Galactic bulge and the 
PL relation of Jones et al. ()1992lll . Our distance scale is 0.06™ fainter, implying 
a solar Galactocentric distance of: Rq = 7.6 ± 0.4 kpc based on the statistical- 
parallax zero point of the IR PL relation for RR Lyrae variables. This result favors 
the so-called short distance scale. 



5.3 The Distance Modulus of the LMC 

Our [Fe/H] - < My > relation (converted from log Pp - < Mk > relation) yields 
a mean distance modulus of DMi^f^jcf^^iy^gf^.^) = 18.18 ± 0.11 for RR Lyraes of 
seven LMC globular clusters (based on the data adopted from Walker (1992)) and 
DMi^j^dfieid) = 18.11 ± 0.11 for field RR Lyrae (based on OGLE survey data 
from Udalski H2()()()|l \ The inferred LMC distance modulus again corroborates the 
short distance scale. 
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